We have demonstrated that a high-pressure process in SiH 4 -H 2 glow discharge provides highly efficient (~8%) microcrystalline silicon (µc-Si:H) p-i-n solar cells at i layer deposition rates of 2-3nm/s. In such a high-deposition-rate regime, we observed a remarkable improvement in visible-infrared responses upon increasing deposition pressure (up to 7-8 Torr), yielding high short circuit current. Transmission electron microscopy and secondary ion mass spectroscopy studies reveal that the high-pressure process provides denser grain columns coalesced with [110]-oriented crystallites, whereas samples prepared at lower pressure comprise many grain boundaries due to disordered grain growth, which induces atmospheric impurity diffusion in large concentrations. Reduction in post-oxidation associated with the denser microstructure of high-pressure-grown µc-Si:H is responsible for the excellent charge collection behavior p-i-n structures. Consequently, a high-rate deposition technique for the µc-Si:H solar cell is essential in view of future industrial mass production.
Hydrogenated microcrystalline silicon (µc-Si:H) films for photovoltaic application are of considerable current interest because of their wide-range spectral sensitivities and excellent stabilities against light exposure. In the last decade, remarkable progress in solar cell efficiency has been achieved employing low-temperature (~200 ) deposition techniques such as plasma-enhanced chemical vapor deposition (PECVD) [1] [2] [3] [4] [5] and hot-wire chemical vapor deposition. 6 ) Since µc-Si:H is an indirect band gap material, solar cell requires a relatively thick absorber layer (at least 2µm with light trapping) to gain sufficient low-energy-photon absorption. However, highefficiency (>8%) µc-Si:H solar cells reported so far can only be achieved at limited deposition rates typically as low as 0.5nm/s.
Consequently, a high-rate deposition technique for the µc-Si:H solar cell is essential in view of future industrial mass production.
In the PECVD process using a SiH 4 -H 2 gas mixture, highrate µc-Si:H deposition requires a high flux of precursor radicals (such as SiH 3 ) and a sufficient flux of atomic H per monolayer deposition, 7) which are realized in a high-dischargepower regime. Under conventional low pressure conditions (~1Torr), however, increasing discharge power deteriorates both film crystallinity 8) and solar cell performance. 9) This adverse effect has been attributed to the high-energy bombarding of ionic species due to enhanced electron temperature. 7, 8) rf-discharge, more than 5nm/s µc-Si:H deposition has been reported. 8) In spite of the achievement of high-rate µc-Si:H deposition, only few studies have been made to identify its applicability to solar cell fabrication. 4, 11) Furthermore, a detailed investigation on the material properties and device performance of high-deposition-rate µc-Si:H has been lacking. In this letter, we demonstrate ~8% efficient µc-Si:H p-i-n solar cells prepared at deposition rates of 2-3nm/s using high-pressure glow discharge.
We further investigate the microstructure and impurity contamination level of µc-Si:H films prepared at different deposition pressures. As a result, we found a strong connection between these material properties and solar cell performance. We fined a correlation between the microstructure and atmospheric impurity diffusion behavior in µc-Si:H films. of Fig. 1 (a) . Those characteristic quantum efficiency spectra, i.e., high blue response and low IR response, imply that the built-in field localizes at the p/i interface due to n-type character of i layer. 5 ) Furthermore, we observed an irreversible cell degradation behavior for low-pressure-grown µc-Si:H.
Measuring two months after deposition, J sc was found to decrease by approximately 50% compared to the initial values and the quantum efficiency spectra showed almost no IR response. In contrast, high-pressure-grown samples did not show any degradation. These results suggest that oxygen diffusion and post-oxidation are most responsible for the reduction in J sc for randomly oriented µc-Si:H solar cells prepared at low deposition pressures.
In conclusion, we have shown that deposition pressure plays a dominant role in determining J sc of µc-Si:H solar cells fabricated using a high-deposition-rate PECVD process. Highpressure deposition at more than 7Torr is found to be advantageous in obtaining high J sc . As a result, ŋ = 8.2% and 7.9% are achieved at deposition rates of 2.1 and 3.0nm/s, respectively. We proposed that reduction in post-oxidation associated with the denser microstructure of high-pressuregrown µc-Si:H is responsible for the excellent charge collection behavior in p-i-n solar cell structures.
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